Objective: The objective of this research project was to evaluate the validity of proxy health-related quality of life measures in the context of paediatric mobility impairment. Accurate health-related quality of life data is essential for quality-adjusted life year calculation; a key outcome in economic evaluation. Thirteen child-parent dyads (13 children with mobility impairments, 13 parent proxies) were asked to complete a range of outcome measures (EQ-5D-Y, VAS and HUI2/3) relating to the child's health. The relationship between respondent outcomes was examined using tests of respondent type effect (Wilcoxon signed-rank), correlation (Spearman's rank-order) and agreement (Bland-Altman plots).
Introduction
Preference-based measures of health-related quality of life (HRQoL) are used to assess the utility gains associated with clinical, social care and public health interventions. Utility refers to the subjective level of wellbeing experienced in different states of health [1] . Each potential health state is assigned a utility weight derived from the social desirability of that state, for instance ranging from death to perfect health [2] . The most commonly used measure of utility is the quality adjusted life-year (QALY), which is an aggregate of both quantity and quality of life. In order to calculate QALYs preference-based HRQoL data is required.
HRQoL is a subjective and multi-dimensional construct defined as the perceived impact of health status on quality of life, including physical, psychological and social functioning [3] . Definitions of paediatric HRQoL must take into account the unique social contexts of childhood, including family, friends and school [4] .
Standard measures of HRQoL, such as the EQ-5D [5] and Health Utilities Index (HUI) [6] , are supported by a wealth of validation literature and value sets to ascribe weights to utility functions [5] [6] [7] [8] [9] [10] .
In paediatric research it is common place for parents and/or carers to report outcomes on behalf of their child when age, ability or capacity precludes inclusion of the child directly. However, proxy reports are often significantly different to self-reports, particularly for children with disabilities [11, 12] . Understanding the relationship between child self-reported data and parental proxy data is important to assess the relative validity of different sources of data in economic analyses [13] .
Previous research has demonstrated the holistic benefits of wheelchairs for children, however there is practically no evidence to demonstrate the relative costeffectiveness of paediatric wheelchair provision [14] . To facilitate future economic evaluations in this context, there is a need to understand how best to measure the HRQoL of children with mobility impairments.
The overarching aim of this pilot study was to compare how children with mobility impairments and their parents (by proxy) report HRQoL using standard outcome measures. Our secondary objective was to determine if there are statistically significant differences between the self-reported outcomes of children with mobility impairments and the proxy-reported outcomes of their parents.
Data were collected as part of a Ph.D. studentship programme of research. Other findings from the project have been published elsewhere [14] [15] [16] .
Methods

Sampling and recruitment
Inclusion and exclusion criteria are presented in Table 1 . The sampling frame comprised dyads of children with mobility impairments (aged 18 or under; hereafter referred to as 'children') and one of their parents. Participants were offered a small financial incentive (a £10 retail voucher) for taking part in the study. Children under the age of 16 completed an assent form and their parents completed a proxy consent form. A sample size calculation was not undertaken due to the small scale of the pilot.
Participants were recruited between June and October 2013 from two UK recruitment sites: a Welsh National Health Service (NHS) wheelchair service and a children's wheelchair charity based in England.
Data were collected using postal questionnaire surveys. Questionnaires contained outcome measures (EQ-5D-Y, HUI, VAS) and demographic questions. Child questionnaires contained self-administered versions of measures, while parent questionnaires contained proxy versions.
Measures
The EQ-5D-Y is a validated HRQoL measure for use in children and parent proxies [17] . A pre-existing UK general adult population value set was used to assign weights for domain levels, on a death to perfect health scale (0 to 1) [7] . At present there are no specific value sets for children or parent proxies.
The HUI is a validated HRQoL measure containing the HUI2 and HUI3 systems [6] . Multi-attribute utility functions were used to assign utility scores to HUI2/3 attribute levels, on a death to perfect health scale (0 to 1) [9, 10] . Both the EQ-5D-Y and HUI measures have health states considered worse than death, and thus some states can have negative values.
The VAS (EQ-VAS) is typically presented alongside the EQ-5D-Y, and measures self-rated health status on a scale from worst imaginable to best imaginable health (0 to 100). In order to aid comparison with the EQ-5D-Y and HUI measures the VAS scoring system was converted from a 0 to 100 scale to a 0 to 1 scale during certain analyses.
Analyses
Statistical analysis of mean scores All analyses were conducted using SPPS v20. Data were not normally distributed therefore non-parametric statistical methods were used. Wilcoxon signed-rank tests were used to analyse statistically significant (p < 0.05) differences between Table 1 Inclusion and exclusion criteria for participants a Long term mobility impairment defined as having existed for 6 months or more, or expected to last for 6 months or more
Inclusion criteria Exclusion criteria
Children and young people with long term (>6 months a ) mobility impairments Aged 5-18 years Requires a manual and/or powered wheelchair/pushchair/buggy for the purposes of mobility Able to give informed consent to take part in study, or able to give assent and parent/guardian able to give proxy consent Parent(s) or legal guardian(s) of a child or young person with a long term mobility impairment who uses a wheelchair Able to give informed consent to take part in study, and able to give proxy consent where required Any significant social or emotional problems or challenging behaviours where such problems in the opinion of the family or clinical team are likely to impair participant's ability to take part in the study or pose a risk to the researcher or the participant Unable to communicate in English or Welsh children and parent proxies, based on EQ-5D-Y, VAS and HUI total score mean ranks for dyads.
Correlation between children and parent proxies Spearman's rank-order was used to test correlation. Correlation was assessed between dyads of child and parent proxy total scores to examine whether they were associated. In order for child and parent proxy measures to be considered sufficiently associated, correlation coefficients had to be defined as moderate or strong (r s of <0.20 = absent; r s of 0.20 to 0.35 = weak; r s of 0.35 to 0.50 = moderate; r s of ≥0.50 = strong) [18] .
Agreement between children and parent proxies Bland-Altman plots were used to assess agreement between children and parent proxy results. On the plot 95% of differences should lie between the established limits of agreement (mean difference ± 1.96 SD) [19] , represented as dashed lines. Where bias or limits of agreement are beyond those deemed acceptable for clinical use, the measures lack agreement to be used interchangeably to measure the same construct. A confidence limit of 0.50 was chosen.
Results
Response rate, sample size and missing data
Study invitation packs were sent to 64 eligible children and their parents. In total 28 questionnaires were returned; 15 child participants and 13 parent proxies. Two child participants returned questionnaires without parent proxy data, and thus were excluded from the dyad analyses. This provided a full sample of 13 dyads of children and their parents. Data from two dyads were excluded from the EQ-5D-Y analyses due to incompletion of the measure, giving an overall completion rate of 84.6% for this measure. All other measures were completed in full without error or missing data. Demographic details for the dyads of children and parents are presented in Table 2 .
HRQoL total score results
Descriptive statistics are presented in Table 3 . The overall mean scores on all of the measures were higher for child self-reports than for parent proxies (see Fig. 1 [20] ; 0.95 for HUI2 [21, 22] ; and 0.85 to 0.92 for HUI3 [8] .
Statistical analysis of child and parent proxy dyads HRQoL scores
A significant effect of respondent type was found for all measures besides the VAS. Child self-reported total scores were significantly higher for the EQ-5D-Y (Z = −2.525, p = 0.012), HUI2 (Z = −2.310, p = 0.021) and HUI3 (Z = −2.599, p = 0.009). Mean child VAS scores were higher, but not significantly (Z = −1.483, p = 0.138). See Table 3 for median score results.
Correlation between child self-report and parent proxy measures
Correlation coefficients are presented in Table 4 . Significant strong (p < 0.05) correlations were found between dyads of child and parent proxy results for the EQ-5D-Y (r s = 0.665, p = 0.026), HUI2 (r s = 0.728, p = 0.005) and HUI3 (r s = 0.842, p < 0.001). Strong significant correlation was also found between the child HUI3 and parent proxy HUI2 (r s = 0.567, p = 0.043); the child HUI2 and parent proxy HUI3 (r s = 0.932, p < 0.001); and the child EQ-5D-Y and parent proxy HUI2 (r s = 0.637, p = 0.039). A strong but non-significant correlation was found between the child and parent proxy VAS (r s = 0.545, p = 0.054). Therefore, convergence between equivalent child and parent proxy measures was sufficient, with only the parent HUI3 and child HUI2 exhibiting stronger correlations with non-equivalent measures.
Agreement between child self-report and parent proxy measures (dyads)
Sufficient agreement was found between the child and parent proxy HUI2 (confidence limit [CL] = 0.22), HUI3 (CL = 0.22) and VAS measures (CL = 0.32) (see Table 5 ; showing insufficient agreement to be used interchangeably in this cohort.
Discussion
The EQ-5D-Y did not sufficiently measure HRQoL in accordance with how the sampled children and parents defined overall health status. This is likely due to general population health state preferences being unrepresentative of how children with mobility impairments (and their parents by proxy) value their own health state. The simple descriptive system of the EQ-5D-Y lacks nuance for children with mobility impairments. For instance, the EQ-5D-Y mobility domain has no consideration for mobility beyond walking and thus automatically discounts the HRQoL of a mobility impaired child, even though they may be mobile using assistive technology solutions. The relationship between gross motor function is often contradictory [23] , thus measures such as the EQ-5D and HUI lack sufficient sensitivity to be used appropriately in mobility impaired populations.
VAS mean scores were to a large extent higher than the other measures in this study, which raises questions about the validity of the HRQoL measures, in particular the value sets used, as the VAS is a clear indicator of self and proxy reported health status. Future research into child-specific value sets could help to improve sensitivity of HRQoL measures, however it is currently unclear whether young children can adequately value health states, or whether it is appropriate to use preference weights from wider society or proxy reports [24] .
Previous research has similarly demonstrated the issue of using proxy HRQoL data, as proxy scores are often systematically lower than self-reports of children with disabilities [11, 12] . In practice child self-reported data should be prioritised over proxy data. In circumstances where this is not possible, the VAS appears to be more valid than the EQ-5D-Y and HUI2/3 for measuring health outcomes of children with mobility impairments. Further research should focus on establishing whether systematic differences between child and proxy reports can be sufficiently predicted and used to adjust proxy outcomes.
Methodological considerations
Significant differences were found between child and parent proxy measures, and yet they were also correlated. These two concepts would appear to be mutually exclusive, but in fact demonstrate the issue with using just statistical analysis of respondent type effect or correlation to assess relationships between measures. Statistically significant differences in mean scores demonstrate that mean scores are sufficiently different to be significant, however this does not indicate the relationship between scores across the cohort. Correlation is an indication of Where bias or limits of agreement are beyond those deemed acceptable for clinical use, the measures lack agreement to be used interchangeably to measure the same construct. The EQ-5D-Y and HUI measures are scored on a 0 to 1 scale, while the VAS is scored on a 0 to 100. For the purpose of this comparison, the VAS has been converted to a 0 to 1 scale association, for instance as child scores goes up so do parent scores. This, however, does not give an indication as to whether these scores are in agreement; a large difference between child and parent scores may exist but they may also vary in a similar manner, and thus still be correlated. Tests of agreement should supplement analyses of correlation in order to gain a better understanding of the relationship between measures and/or respondents.
Limitations
The size of the sample was small and thus the analyses lacked power. Furthermore, the demographic characteristics were not representative of the wider population of children with mobility impairments in the UK. Dyads with missing data were excluded from analyses, which reduced the sample size. In future research a larger sampling frame is required. Authors' contributions NB, JN, RTE and NH were responsible for the study conception/design and the development of the study protocol. NB was responsible for all major study tasks, which included setting up the study, designing study documentation, applying for ethical approval, engaging with study sites, collecting data, analysing/interpreting results and writing the manuscript. JN, RTE and NH provided feedback on study design and documentation. JN provided expertise and guidance on the ethical application process. All authors were involved in revising the manuscript. All authors read and approved the final manuscript. 
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